developed by Bunge and colleagues (Kleitman et al.,
1991), utilizing the fact that embryonic NGF-dependent
tures over 14 days (Figures 2A-2G ). In the presence of NGF, there were few MBP-positive oligodendrocytes DRGs mature to an NGF-independent state in vitro as they do in vivo (Tong et al., 1996). We established culand these mostly failed to myelinate (Figure 2A ). Neutralizing NGF with TrkA-Fc, however, resulted in a dense tures of purified NGF-dependent DRGs from embryonic day 14 (E14) rats and allowed them to grow for 2-3 and entangled meshwork of myelinating oligodendrocytes that was difficult to assess quantitatively by immuweeks in the presence of NGF. At this stage, the DRGs no longer require NGF for survival or maintenance of nocytochemistry ( Figure 2B ). Many of the oligodendrocytes that could be clearly distinguished exhibited the their axons (Supplemental Figure S1 at http://www.neuron. org/cgi/content/full/43/2/183/DC1). We then seeded pumultiple smooth internodes and the exclusion of MBP from the soma characteristic of mature myelinating olirified rat Schwann cells and allowed them to proliferate and align with the axons for 1 week prior to adding godendrocytes ( Figures 2C-2E ), and the presence of compact myelin in these cocultures was confirmed by ascorbate to initiate myelination.
At this stage, we examined the role of NGF in myelinaelectron microscopy ( Figure 2F ). For a more quantitative analysis, we examined the protein levels of early tion by either continuing to provide exogenous NGF or by removing NGF from the cocultures. The continued (2Ј,3Ј-cyclic nucleotide 3Ј-phosphodiesterase, CNPase), mid (MAG), and late (MBP) markers of oligodendrocyte addition of NGF strongly enhanced the amount of myelin in these cocultures, as assessed by immunostaining for development by Western blot ( Figure 2G ). The presence of NGF resulted in a decrease in the expression of myelin basic protein (MBP; Figure 1A ) and Western blots for myelin-associated glycoprotein (MAG) and the peCNPase, an early and stably persistent marker of oligodendrocyte differentiation (Bansal and Pfeiffer, 1985), ripheral myelin protein P 0 ( Figure 1C) . The difference indicating that NGF reduces the number of oligodendrobetween the presence and absence of exogenous NGF cytes generated in these cocultures. Progressively was made more pronounced by the addition of the NGF greater differences in the later markers MAG and MBP scavenger TrkA-Fc ( Figure 1B) Figure 1D ). myelination independently of its potent effects on OPC and oligodendrocyte maturation. We acutely purified mature oligodendrocytes from the developing rat brain NGF Inhibits Myelination by Oligodendrocytes To examine whether NGF also regulates central myelinaand assessed their ability to myelinate in the presence or absence of NGF after only 3 days ( Figures 2H-2J) . tion of DRGs, we next seeded purified rat oligodendrocyte precursor cells (OPCs) instead of Schwann cells
The large majority of MBP-positive oligodendrocytes failed to extend processes and myelinate axons in the onto DRGs. In contrast to our Schwann cell findings, the continued addition of NGF during coculture with glia presence of NGF ( Figure 2H ). Neutralizing NGF with TrkA-Fc, however, modestly increased the total number dramatically reduced myelination in OPC-DRG cocul- tion or differentiation of purified OPCs in the absence same or alternative condition is applied to the distal DRG axons with OPCs ( Figure 4F ). Under these condiof neurons (not shown), despite the strong effects of NGF on oligodendrocyte development in the OPC-DRG tions, NGF added to either compartment significantly reduced myelination after 13 days of coculture with cocultures. These results suggest that NGF acts by regulating neuronal signals to glia rather than by direct OPCs, with NGF added to the DRG somal compartment being particularly effective at inhibiting myelination in action on the myelinating glia.
In order to confirm that neuronal TrkA activation was the neighboring compartment ( Figures 4G and 4H ). In addition to providing further evidence that these NGF necessary to mediate these NGF effects in a coculture setting, we established a novel coculture system using effects are not mediated by direct action on myelinating glia, these results demonstrate that NGF, wherever apthe minority population of DRG neurons that depend on the neurotrophin brain-derived 
Schwann cells (Stevens and Fields, 2000) and adenosine promoting differentiation of oligodendrocytes (Stevens
Step-by-step protocols for all procedures are available upon request to barres@stanford.edu or eshooter@stanford.edu.
et al., 2002).
Another possible mechanism involves an increase in 
Injections in Mouse Sciatic Nerves Purified OPC-DRG Cocultures
Injections were performed as previously described (Cosgaya et al., Oligodendrocyte precursor cells (OPCs) were purified to Ͼ99.5% 2002). TrkA-Fc (2.5 g) was injected subcutaneously, starting from homogeneity from 7-to 8-day-old (P7-P8) rat brain cortices by the caudal portion of the greater trochanter region and running immunopanning as previously described (Wang et al., 2001) . Briefly, parallel along the sciatic nerve. The contralateral leg served as a cerebral hemispheres were diced and digested with papain at 37ЊC.
control with the injection of saline. Injections were performed on Following gentle trituration, cells were resuspended in a panning newborn mouse pups (129S3/SvImJ) and reinjected 2 days later. buffer containing insulin (5 g/ml) and then incubated at room temFinally, nerves were extracted and processed for Western analysis. perature sequentially on three immunopanning dishes: Ran-2, anti-␤-actin was used as an internal control but was measured separately GalC, and O4. O4 ϩ GalC Ϫ OPCs were released from the final panning from the myelin proteins due to differences in the sensitivity of dish with trypsin (Sigma) 
